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ZLS2112514JC (CN1027828CJ 
Abstract 

This Invention relates to an automobile tail exhaust purifier by the method of 
ozone-catalyst. The Venturi tuba of the purifier is connected with the 
ozone-outlet tube of an ozone generator. There are 2-10 ozone^enerating 
tubes installed Inside the ozone generator, and the fixed board that fixes the 
ozone generator with the catalyst box together is fixed on the automobile 
exhaust pipe. The tail exhaust can reach the ideal emission standard and do 
not pollute the environment by using the purifier of this invention. The 
purifier of this invention features a reasonable structure and simple technology, 
Its application Is easy to be extended. 



Whatjeefaiwedis; 

1. An automobile tail exhaust purifier by the cnethod of ozone-catalyst, and 
consisted of Venturi tube and catalyst box and the like, characterized in 
that the Venturi tubB (5) is connected with the ozone-outlet tube (4) of the 
ozone generator (2), several ozone-generating tubes (3) are installed 
inside thB ozone' generator, and the fixed board (1) that fixes the ozone 
generator (2) with the catalyst box (7) together is fixed_on the automobile 
exhaust pipe. 

2. The automobile tail exhaust purifier of claim 1, characterized in that the 
number of the ozone-generating tubes (3) installed inside the ozone 
generator (2) ia 2 to 10. 
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An automobile tall exhaust purifier by the method of ozone^atalyst 

This invention relates to an automobile tail exhaust purifier by using a 
two-step process combining; oznne-oxidatfon with catalyst oxidation This 
purifier is especially suitable to the purification of tail exhaust emitted by 
domestic automobiles using gasoline. 

Presently, all domestic automobiles emit their tail exhaust directly to the 
atmosphere. This causes serious air pollution, especially in big cities It is 
known to everybody, automobile tail exhaust contains many detrimental 
matenals, such as: ©.carton monoxide (CO); © oxynitride [NOx]- o 
hydrocarbon compound (HC); © tetraethyl-lead [Pb^H^I. These materials 
are very poisonous and very harmful to human respiratory system, blood, liver, 
hart and nervous system. Now some automobiles use the catalyst method to 
purify tali exhaust The -main shortcoming is that the lead in the tail exhaust 
poisons the catalyst, decreasing , the usage lifetime and needing frequent 
replacement of catalyst The purification efficiency is not good. 

The objective of the invention Is to provide an automobiie tail exhaust purifier 
in order to overcome the shortcomings In the existing technology. By 
combining ozone oxidation with catalyst oxidation, this invention solves the air 
pollution problem caused by automobile tall exhaust emission. 

The objective of this invention is realized by the following methods: 

The ozone-catalyst method automobile tail exhaust purifier consists of Venturi 
tube and catalyst box and the (ike. The Venturi tube is connected with the 
ozone outlet tube of the ozone generator. Several ozone -generating tubes 
are installed inside the ozone generator. A fixed board that fixes the ozone 
generator with the cataryst box together is fixed on the automobile tail exhaust 
pipe. The number of the ozone generatfng-tubes installed inside the ozone 
generator is 2 to 10. 

Compared with existing technology, this invention has the following 
advantages: 



Through the automobile tail exhaust purifier of this invention, the poisonous 



component, such as CO. HC. N0 2 Pb(CiH B ) 4 ele. can ba oxidised and become 
CO* H30, NOj and a small quantity of organic substances with low molecules. 
The purifier in this invention features a reasonable structure and simple 
technology. After being purified by this purifier, the automobile fail exhaust 
can reach the ideal emission standard. 

Brief Description of the drawing: 

Rg.1: is a schematic diagram of the automobile tail exhaust purifier in this 
mverrttoh. 

Fig.2 and Fig.3: are the schematic diagrams of the catalyst box with different 
structure. 

Rg.4; b the technological process of the automobile tail exhaust purification. 

The present invention is now described with reference to embodiments. 

The outer cover of the automobile tail exhaust purifier by the method of 
ozone-catalyst, and consisted of Venturi tube and catalyst box and the like, is 
made of ozone-proof materials. One to twenty ozone-generating tubes 
(preferable two to ten) are Installed inside the ozone generator. Venturi tube 5 
is connected with the ozone outlet tube. 4 of the ozone generator 2. The 
ozone-generating tubes are those produced by factories In Beijing and 
Shanghai etc. It is very easy for a person having ordinary skn in the art to 
make this kind of ozone generator. • 

The role of the fixed support 1 is to combine ozone generator 2 with the 
catalyst box 7 and the Venturi tube 5. The fixed support is fated on an 
appropriate position near the tail exhaust pipe or the muffler on the 
automobile chassis. The fixed position near the chassis crossbeam is 
recommended. The fixed position can be different in different model of 
automobiles. The fixed support/board can be made of any sturdy materials. 
The commended material is carbon steal with a width of 2mm to 8mm 
(preferable 3mm in 5mm). The etee <rf the f«ed support/board depends on the 
fixed position and model of automobiles. But It must be able to support the 
total weight of the ozone generator and the catalyst box; it can also bear the 
vibration of automobile in movement. This is obvious for a person having 
ordinary skill in the art 
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The ozone generator 2 of the automobile tail exhaust purifier cf this invention 
produces ozone used to purify the tail exhaust of automobiles. Its structure is 
pipe-like. The ozone-generating tube is made of a specific glass with 5-50mm 
in diameter and 50-S00mm in length. In Its outer surface Is an ozone-proof 
metal wire-mesh Which is used to be glow discharge screen. The light tube 
uses a 12-24V DC source. Automobile battery or DC electric generator is 
used to be power supply. The outer cover of the ozone generator is made of 
sturdy and eroston-resistant material, metal or non-metal. Its shape can be 
cylinder, cube, cuboid, ellipsoid and cone etc The working volume is 
1Qcm 3 -5QDcm 3 . The number of the ozone-generating tube 3 a determined by 
the tail exhaust emission quantity in different model of automobiles, generally 
1-20. Usually 2-10 tubes are installed inside the generator fixed on the 
support, so that the air stream can flow through the surface of light tubes. The 
power supply socket is fixed on the outer cover of the generator. The socket is 
sealed, insulated and mstrurnentakype one. ft also can b* connected with the 
startup switch of the engine by using derivative wire. The end without 
connection with the ozone generator by socket Is the gas-in port One to five 
layers of metal wire-mesh with proper diameter of holes and one to three 
layers of waterproof filter doth are installed, so 1hat the air stream can pass 
through easily while the rainwater and the water on the road surface can be 
prevented. In the front of the light tube is a water shut-off board with 
semicircle shape. The condensed water Inside the generator discharges from 
the drain cock in the tower part In another end of the ozone generator is an 
active link connecting with the tail exhaust pipe through' screw thread coupling 
or flange coupling. The active link is made of ercde-resistant metals or 
non-metals. 

The catalyst box 7 is made of high temperature-resistant and erode-resistant 
metals or non-metals. Its shape can be cuboid or cylinder, cube, cone and 
prism etc. with a volume of 0.5 Titers (SQQcm 3 ) fe SO liters <5Q00ucm ). Inside 
the box are several clapboards with small holes from which the gas stream 
can pass through the catalyst layers fixed between the clapboards. The 
catalyst can also be put inside the star-like or honeycomb-shaped metal 
wire-mesh. The box is placed inside the outer cover. The principle of design «s 
that the automobile tail exhaust can contact with the catalyst in extreme 
limitation and can pass through the catalyst layers rapidly. Cornering the 
periodic replacement of catalyst, one end of the catalyst box should be 
connected by using screw thread coupling or flange coupling, so that to mate 



maintenance and replacement of catalyst easily. This catalyst box can heath 
purify the automobile tail exhaust and play a rale to eliminate noise. It can 
substitute for mufflers used in automobiles. The catalyst box can be fixed on 
tail exhaust pipe of the automobile engine, or placed behind the automobile 
muffler, depending on the automobile model and the particular position. 

The rofe of the Venturi tube 5 is to mix ozone with automobile tail exhaust fully. 
The negative pressure produced by the rapid air stream makes ozone gas 
enter into the tail exhaust through the ozone output pipe and mix with the tail 
exhaust After ozone oxidation, the mixed gaa enters into the catalyst box 
The Venturi tube is made of high temperature-resistant and erode-resistant 
metal or non-metals. Its shape can be cylinder or sphere, cuboid, cube and 
cone etc The principle of design is to produce big negative pressure in the 
position where the ozone combines with the tail exhaust, facilitating the rapid 
combination of ozone with tail exhaust and the reaction cf ozone oxidation. 

The connection pipe 6 between the purifier and the tail exhaust outlet tube of 
the automobile engine uses screw thread coupling, flange coupling or long 
hoop. It is made of high temperature-resistant metals or non-metals. In order 
to prevent thermal expansion and vibration noise, the connection can also use 
snake spring hose. When the long hoop Is used, asbestos or rubber knot (mat) 
should be used to prevent thermal expansion and vibration. The shape of the 
connection pipe and the long hoop can be cylinder, cuboid, cube and sphere 
etc. The size should be suitable to' matdnhe connection of Venturi tube with 
the toil exhaust pipe of the automobile engine. It can also use bifl- and-small 
head coupling or diameter-changeable pipB coupling, depending on the 
automobile model and the installation posftlon of the purifier. 

The connection pipe 5 between the ozone generator and the Venturi tube Is 
made of ozone erode-resistant metals or non-metals with a diameter of 
3rnm-30mm (preferable 5mn>10mm). The length is equal to the shortest 
distance from the outlet cf the ozone generator to the inlet of the VBnturi tube. 
Twist should be avoided. 

The automobile tail exhaust purifier used in this invention combines the ozone 
oxidation w/ith catalysis. It draws advantages from ozone oxidation and 
catalysis oxidation and overcomes shortcomings of them. It features a long 
cataiyst lifetime, economic cost and convenient usage. 
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1 . Test of the ozone oxidation method 



When ozone alone is used to purify the automobile tan exhaust, because the 
haff-value period of ozone is very short, the contact time of ozone with 
compounds tn the tail exhaust, such as CO, NO and HC etc, b very short 
The output of ozone is low. The purification efficiency is poor. Besides, many 
intermediate ozone-oxide compounds am produced, such as methyl alcohol, 
formaldehyde and formic acid etc. They are poisonous substances. The 
automobile cannot supply the power needed for higher ozone output (see 
Table 1), 

The content of methyl alcohol, formaldehyde and formic acid is 500 times the 
original one. 

2, Test of catalyst oxidation method 

Although catalyst can purity tne tall exhaust, lead, sulfur and charcoal smoke 
etc, may intoxicate the catalyst lowering the activity and purification efficiency 
of the catalyst with the result that the catalyst is invalid and must ba replaced 
within several months. 

The catalyst, absorbs oxygen In the automobile tail exhaust to become 
unstable combined 4 -state, then contacts with hydrocarbon compounds to 
become CO* The active oxygen on the surface of catalyst is the key of 
purification. Because the oxygen content in automobHe tail exhaust is low, 
which decreases the opportunity to acquire active oxygen, the activity of the 
catalyst and the purification efficiency. The test results are listed in Table 2. 



Tabfe2 



Series 
number 


Consumption 
of catalyst 


Test 

condition 
(month) 


Purification 
effTcfenev 
of carbarj 

monoxide 

% 


Purification 
vomcncy or 
hydrocarbon 


Purification 

efficiency 

of 

oxynltride 
% 


1 


2kg 


One 
month 


87 


95 


97 


2 


2kg 


Two 
months 


81 


87 


89 


3 


2kg 


Three 
months 


78 


81 


79 


4 


2kg 


Six 

months 


52 


47 


38 



3. Ozone— Catalyst method 



First, the ozone transfers the highly concentrated compounds, such as CO r 
NOx and HC eta, into low concentrated compounds, auch as carbon 
monoxide, oxynitride and hydrocarbon compounds. Then after *e 
cataiysts-oxidafion treatment, the automobile tail exhaust can meet the 
emission standard set by the state government The lifetime of tiiacatalyst is 
Increased from severai months to more than two years. The oxygen content in 
the tail exhaust Increases because of the additive ozone. The adsorption 
ability of the catalyst to oxygen increases. The activity of catalyst enhances. 
Adding MtbOj-F e 2 0 3 into the catalyst can prevent the catalyst from lead 
intoxication and enhance the vibration-resistant ability of the eatafysf and 
increases the lifetime of the catalyst The test results are listed in Table 3. 

The ozone— catalyst combined method is a reliable and economic method 
used to purify automobile tail exhaust. The purification efficiency is high. The 
lifetime of the cataryetie long. 

The fallowing embodiments are used to explain the invention further. 



Example 1 . 



Tail exhaust purifier for Dongfeng-styfe automobiles: The ozone generator fe 
made of stainless steel of 2mm thick. The outer size is 4> 1 SOX 4 280- There 
are 4 ozone-generating tubes installed inside it. The ozone yield is 2S0 
microgram X4/min* 

The catalyst box is made of stainless steel of 3mm thick. The outer size is 260 
X20QX100min. Inside the box, there are 2kg of multl-camponent catalyst 
and toe layers of tilt clapboard with many small holes of *2mrm In the rear 
part of the box is flange coupling (see Rg.3). 

The Venturi tube is made of stainless steel. The outer size is * 60 x fiOmm, in 
the throat is a <&5mm stainless steel pipe connected by sealed bolt and nut 

The connection pipe and long hoop are made of A3 steel. The outer size is * 
60 X 140mm. One end is connected wfth the Venturi tube; another end is 
connected with the automobile tail exhaust pipe. In the connection position, 
asbestos rubber knot and long hoop are used to fix and tighten. 

This automobile tail exhaust purifier is installed on the tail exhaust pipe. 
During the 30000km running, the content of CO, NOx, HC and Pb(CaHs)4 all 
reach the emission standard. The measured results are listed in Table 4. 

Example 2 

Tail exhaust purifier used in Tayoto van: The 02one generator is made of 
1.5mm thick stainfess steel. The outer size is s>120mmX2a0mm T Inside are 
two Q2one-generat!ng tubes. The ozone yield is 2S0 m?crogramX2/min. 

The catalyst box is made of 1 ,5mm thick stainless steel. The outer size is * 
120 X 30Qmm. Inside the box are two clapboards full of *1Qmm holes. The 
catalyst is in a $100X 100mm stainless steel wre-mesh box TTie top cover 
in the two ends of the catalyst box uses screw thread coupling (see Rg.2). 

The Venturi tube is made of stainless steel The outer size Is * SO x 60mm. 
inside is a d>5mm stainless steel pipe. Screw thread coupling is used. The 
connection pipe is made of <65mm stainless steef. 

The connection pipe and lono hoop are mad» of Aacteai- Qn« *nd is welded 
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together with Venturi tube; another end Is connected with the tail exhaust pipe 
of the automobife engine fay flange coupling. 

After 40000km running for more than one year, the tail exhaust can reach the 
emission standard. The test resufte are fated tn Tfabte 5. 

Example 3 

Tail exhaust purifier used In Beijing jeep: 

The ozone generator is made of 5,0mm thick polyvinyl chloride. The outer 
sire Is <D12QX20Qmm. Inside it are three ozone-generating tubes. The ozone 
yiefd is 2SQ microgram x 3/min. 

The catalyst box is made of stainless steel. Tha outer size la *150X3a0mm. 
The pipe wan fs 1.6mm thick. The catalyst is in a <P 140x50mm stainless 
steel wins-mesh box. Three <t>130X5Cmm stainless steer rings are used to fix 
the catalyst inside the catalyst box. After being purified, the tail exhaust can 
pass through the catalyst layers easily (see Rg.1). 

The Venturi tube is made of stainfess steel pipe. The outer size is 460 X 
80mm. A osmm stainless steel pipe is inserted into the throat. Screw thread 
coupling is used. The connection pipe Is made. of 4>5mm stainless steel. 

The connection pipe and long hoop ate made of As steel. One end Is 
connected with the Venturf tube, another end is connected with the 
automobile tail exhaust pipe by flange coupling. 

After more than 200QQkm running for mere than one year, the purifier is 
perfect. The clarifying effects are good (see Table 6). 

Combining ozone oxidation with catatyst oxidation, this invention uses 
two-step method to purify tha automobile tali exhaust. In the first step, the 
poisonous constituent, such as CO, HC, NGx and Pb(C 2 H s )4 , are oxidized-by 
ozone and become non-poisonous or low-poisonous substances. In the 
second step, they undergo catalysis oxidation and are transferred into CO* 
HaO and NO2 or small quantity of organic substances with small molecules. 
After being purified by this purifier, the tail exhaust can rsach an ideal 



emission standard. Ozone used in this invention is a three^tam allotype of 
oxygen, and is obtained from ozone generator. Ozone has high oxidation 
potential and strong oxidation ability. It can oxidize almost organic compounds 
such as hydrocarbon, sulfide, oxynitride and carbon monoxide etc. The 
reaction equations are as follows: 

6HC + 50 2 -2H2O+6CQ2 
CO + O3-CO2+ O2 
NO+O1-NO2+O2 Oj 
R2S + 0g-R 2 SO + Oj -R 3 S O a + 202 
PbCCzHs)* +903^PbO + 8COa +IQH2O 
Where, HC— hydrocarbon compounds 
RaS— organic sulfide 

Pb(C 2 HsV— tetraethyJ lead, a kind of antiknock materials in gasoline. 

The main constituents in the multi-component catalyst used in this invention 
are: platinum (Pt), palladium (Pd), rhodium (Rh) and rare-earth meiaf oxides. 
Thay use active aluminum oxide or molecular sieve as carrier. The catalyst 
used in this invention can catalyze and oxidize poisonous and harmful 
constituents in the tail exhaust. These poisonous and harmful constituents are 
transferred into tow poisonous or non-poisonous products, such as HA CO a , 
NO*, P 4 o etc The catalyst used in this invention can be one of those reported 
in references or used in existing techniques. But it is better to make catalyst 
Sy using the method introduced here. The method is as follows: 

0.01%-0.5% (weight) of platinum oxidizes with palladium, or nitrate powder 
(preferable 0.05%-a.1S%); [CuzCrOjJ: 3-10% (weight) (preferable 54%); Vj-O* 
5-15% (weight) (preferable 7-1Q%) ; Fetf*: 3-12% (weight) (preferable 5-9%); 
Co 3 0 4 : 1-13% (weight) (preferable 4-9%)- MojO* 1-10% (weight) (preferable 
3-7%); Adding all these compounds into distited water and mixing evenly, 
then adding active aluminum oxide (the catalyst carrier) or molecular sieve 
(preferable 4A or 5A) into the water solution above, mixing evenly and laying it 
aside to adsorb for 1-5 hours (preferable 1.5-2.5 hours), tipping off the water 
atop, put it into a furnace to activate for 2-3 hours under 3QG-aQ0°C. 

Technological conditions used to purify automobile tail exhaust in this 
invention: 
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1. Ozone concentration (ozone yiefd) 

The higher the ozone concentration, the better 4ha purification effect. However, 
excessive ozone will result In waste and increase power loss, cause air 
pollution as well. According to the emisstan quantity of tail exhaust and 
harmful constituents in tail exhaust in our country, the following ratio is used, 
ozone ; tail exhaust = 1 : 0.5-1.5. (preferable 1 :1 - 1 : 2). See Table 7. 

Z Reaction time 

The reaction between ozone and harmful constituents in tail exhaust is very 
rapid, 5-2S seconds between ozone and carbon monoxide, 10-25 seconds 
between ozone and oxynitride* 15*35 seconds between ozone and 
hydrocarbon, 10-20 seconds is used in this invention. See Table 8. 

3. Reaction temperature 

The tail exhaust purifier in this invention is suitable to a wide temperature 
range, especially to the start-up in low temperature In low temperature, 
gasoline cannot burn completely. The contents of CO, NOx, HC etc are high. 
7l)e purification effect is poor in the temperature range of 50-1 50 a C. Using the 
two-step treatment method in this invention can solve this problem. In low 
temperature, the harmful constituents (CO, NOx, HC) can be oxidized by 
ozone and the concentration is lowered. Then after catalyst ojddstbn, the 
purification effect is enhanced 

Another feature of this invention is that the purification effect is still better in 
high temperature (3Q0~5Q0°C)_ in high temperature, the reaction between 
ozone and harmful constftuent (CO. NOx. HC) is more rapid and more 
thorough. The reaction between ozone and catalyst increases the acih/e 
oxygen on the surface of the catalyst and enhance the activity of the catalyst 
The activity oF the catalyst can regenerate and restore, increasing the Rfetime 
of the catalyst See Table 9. 

The invented tail exhaust purifier Is applicable In the temperature range of 
1Q0-5Q0 D C, 

The technological process far tail exhaust purification Is: 
When the automobile starts up, the ozone generator 2 starts up at the same 
time. Air enters into the ozone generator. Under glow discharge, oxygen in the 
air is a»di2ed to became ozone (0 3 ). Through the ozone output pipe 4 and 



Venturi tube 5, the ozone enters into the automobfe tail exhaust pipe, and 
reacts with CO, NO, HC and Ph(C 2 H e ) 4 etc. After ozone oxidation reaction, it 
enters Into the catalyst purifier 7, and reacts with the multf-component catalyst 
to purify the harmful constituents in tail exhaust. The purification efficiency 
reaches 90-09%. 
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Table l 



Series 
number 


Ozone 

concentration 


Test 

condition 


CO 

purification 

efficiency 

°A 


HC 

purification 

efficiency 

% 


NO 

purification 

efficiency 

% 


Remark 


1 


250 

microgram 


20km/h 


74% 


62% 


86% 


A big quantity 

of methyl 
alcohol 


2 


*4/min 


40km/h 


80% 


70% 


85% 


Formaldehvde 


3 




SOkmVh 


87% 


81% 


87% 





Table 3 



Series 
number 


Ozone 

concentration 


Catalyst 

consumption 


Test 

condition 
(year) 


CO 

purification 

efficiency 

% 


HC 

purification 

efficiency 

% 


NO 

puriffcation 
efRoiency 


1 


250 


2kg 


Half year 


98 


96 


92 


2 


microgram 
/liter 


2kg 


One 
year 


85 


92 


87 


3 


X4 


2kg 


Two 
year 


92 


89 


82 


4 




2kg 


Three 
year 


87 


32 


79 ' 



Table 4 



Mileage 
kilometer 


CO 

purification 
efficiency % 


NoOx 

purification 
efficiency % 


HC 

purification 
efficiency % 


Tetraethyl 
lead 

efficiency % 


10Q0O 
kilometers 


96 


S6 


37 


92 


2000O 
kilometers 


97 


95 


94 


90 


30000 
kilometers 


95 


94 


93 


87 



Table 5 



Mileage 
Kiiomeier 


CO 

purification 
efficiency % 


NOx 

purification 
efficiency % 


HC 

purification 
efficiency % 


Tetraethyl 
lead 

purification 
efficiency % 


10000 
kilometers 


99 


97 


oa 


96 


2Q0C0 
kilometers 


88 


95 


96 


94 


40000 
kilometers 


66 


93 


95 


62 



Table 6 



Mileage 
kilometer 


CO 

purification 
efficiency % 


HQ* 

purification 
efficiency % 


HC 

purification 
efficiency % 


Tetraethyl 
lead 

purification 
efficiency % 


5000 

kilometers 


98 


96 


97 


93 


10QOQ 
kilometers 


97 


95 


96 


92 


15000 
kilometers 


95 


93 


94 


SO 


20000 
kilometers 


94 


91 


92 


89 



Table 7 



Ozone added 


CO 

purification 
efficiency % 


NOx 

purification 
efficiency % 


HC 

purification 
efficiency % 


Remark 


1:0.5 


65% 


72% 


58% 




1:1 


97% 


92% 


89% 




1:2 


98% 


95% 


95% 




1:5 


99% 


97% 


95% 





Tabfe 8 



Ozone 
reaction time 


CO 

purification 
.efficiency % 


NOx 

purification 
efficiency % 


HC 

purification 
efficiency % 


Remark 


5-10 

Seconds 


72% 


88% 


59% 




10-20 
Seconds 


85% 


92% 


91% 




20-50 
Seconds 


87% 


94% 


92% 




TaWe9 


eacian 

temperaturRe 


CO 

purification 
efficiency % 


NOx 

purification 
efficiency % 


HC 

purification 
efficiency % 


Remark 


100-200'C 


90% 


89% 


Q1% 




200-30QT: 


95% 


94% 


96% 




300-300 TC 


97% 


96% 


90% 
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FIG 2 
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